A recent study (Crosbie & Kelly, 1994) showed that brief externally imposed postfeedback delays improved performance in computerized programmed instruction. The present experiment extended that analysis by using shorter sessions, a more powerful single-subject design, and better timing measures, and by assessing maintenance of training effects. College students completed 40 sets of Holland and Skinner's (1961) programmed text on behavior analysis in a computerized format in a two-component multiple schedule. In the components there was either no postfeedback delay or a 10-s postfeedback delay for each question. On average, delay improved performance by 7% during training, and this advantage was maintained and increased at both posttest (13%) and follow-up (17%). Subjects were satisfied with delay, and session time increased only slightly. Present results show that subjects work faster and more accurately, and have better maintenance when their pace is externally imposed rather than self-selected.
after a response has been made and consequated, and before presentation of the next stimulus (Le., impose a postfeedback delay; Boehm, Seven, & Watson, 1971; Bourne, 1957; Bourne & Bunderson, 1963; Bourne, Guy, Dodd, & Justesen, 1965; White & Schmidt, 1972) . In a typical study (Bourne & Bunderson, 1963) , subjects were presented with geometric patterns that had seven dimensions, but only a few were necessary for correct classification. Subjects reported which combination of dimensions was correct (e.g., size and shape) by pressing keys which corresponded to those dimensions, then lights were lit over the correct keys. After a postfeedback delay between 1 sand 9 s, the next stimulus was presented. Performance was positively correlated with postfeedback delay. Similar results were obtained with longer delays, and the consistent finding was that moderate postfeedback delays (Le., 10 s to 15 s) produced better performance than longer and shorter delays (Bourne et aI., 1965; White & Schmidt, 1972) . Furthermore, if the stimulus was available during the delay interval, there was an additional increase in performance.
Postfeedback delays also have improved performance on demanding computer tasks. In one study (Boehm et aI., 1971) , subjects received a computerized map of an urban area plus information concerning the location and frequency of emergencies, and were given 2 hr to find the optimal location for emergency hospitals. For some subjects the keyboard was locked for 5 min after each response (and there was no opportunity to correct responses), whereas others had free access to the computer. The 5-min lockout group outperformed the free-access group by finding the most effective solution with fewer computer interactions. In another study (Dannenbring, 1983) , programmers debugged a program as fast and accurately as possible within a 30-min period. Postfeedback delays between o sand 14 s were imposed after each correction was made. Delay did not affect performance, but longer delays produced fewer corrections. Because subjects often worked during delay periods, it seems that delays provided an opportunity to study the problem and, therefore, make more efficient corrections (Salmoni, Schmidt, & Walter, 1984) .
Given that programmed instruction is discrimination training, and that postfeedback delays improve discriminated performance, do imposed delays also improve performance on programmed instruction? Crosbie and Kelly (1994) addressed that question. In that study, college students completed sets of Holland and Skinner's (1961) programmed text on behavior analysis in a computerized format. In Experiment 1 there were three conditions: (a) no postfeedback delay, (b) 10-s postfeedback delay for each question, and (c) 10-s postfeedback delay for each question answered incorrectly. Noncontingent delay produced better performance than no delay and contingent delay. To determine whether performance increased because subjects studied the material during delay periods, in Experiment 2 the three conditions were (a) no postfeedback delay, (b) 10-s postfeedback delay for each question, and (c) 10-s postfeedback delay for each question with the screen blank during the delay period. Noncontingent delay produced better performance than no delay, but there was no difference in performance between no delay and noncontingent delay blank screen. Hence, noncontingent delay improved performance because subjects used delay periods to study.
The present experiment extends Crosbie and Kelly's (1994) analysis in three ways:
1. In Crosbie and Kelly's study, three instructional sets were completed each session. That required 90 min on average, so subject fatigue may have reduced baseline performance which artificially inflated the apparent effectiveness of delays. Furthermore, their subjects were obliged to repeat frames that were answered incorrectly, which would have lengthened sessions further. To minimize fatigue, and thereby improve baseline performance, in the present experiment only one set was completed each session, and there were several hours between the morning session and the afternoon session. In addition, some of the present subjects were not obliged to repeat frames answered incorrectly.
2. It seemed that Crosbie and Kelly's (1994) subjects worked faster to compensate for imposed delays. Unfortunately, that possibility could not be assessed directly because there was no separate measure of time spent in first attempts at frames, subsequent attempts at frames, and imposed delays. The present experiment included each of those timing measures.
3. The most Significant extension in the present experiment was that pre-, post-, and follow-up tests were employed to assess postfeedback-delay gains and whether they were maintained.
The aims of the present experiment were to determine whether imposed postfeedback delays improve performance on programmed instruction when baseline performance is good, whether improved performance is maintained, and the cost of the procedure in terms of additional time required and possible student dissatisfaction.
Method

Subjects
Four female (H35, H36, H45, H46) and two male (H37, H44) students (aged 19-22 yrs) at Deakin University served as subjects. Subject H35 was a graduate chemistry student; all other subjects were undergraduates with majors in Biology (H36, H46), Mathematics (H37), or Computing (H44, H45). None had participated in similar experiments or had any experience with the subject matter used (Holland & Skinner, 1961) . Subjects received $3.50 for each session completed plus a $35 bonus for perfect attendance. If they missed any sessions the bonus was forfeited, and $7 was deducted for each session missed. Payment was in one lump sum at the end of the experiment. All monetary amounts are described in US$.
Apparatus and Procedure
The experimental space, computer equipment, screen display and layout, lesson format, exhibits, and a detailed account of a typical session are described in a previous paper (Crosbie & Kelly, 1994) and will only be summarized here. Subjects worked in a partitioned section of a large laboratory. They were seated at a desk facing a computer, monitor, and keyboard. A computer program presented sets of a well-tested programmed text (Holland & Skinner, 1961) . For each frame presented on the computer screen, subjects constructed responses, read the correct-answer feedback then pressed either "c" or "I" to record the response as correct or incorrect, respectively. During sets when there was no postfeedback delay (no delay), immediately after a response had been scored, subjects pressed any key to continue. The question, response, and feedback remained on the screen until a key was pressed, then the screen was cleared, and the next frame was presented. During sets when there was a postfeedback delay (delay), immediately after subjects had scored the response, a long red bar was displayed at the bottom of the screen for 10 s. Throughout the delay period the keyboard was locked so that typing had no effect. After the delay period, subjects could press any key to continue. Because the bar became progressively shorter throughout the 10-s period, it showed the time remaining until the keyboard was functional. The bar was an addition to the screen, so all other features (including the question, response, and correct answer) remained visible during the delay period. After H35, H36, and H37 had attempted all questions in a set, those questions answered incorrectly were presented again until every frame had been answered correctly (cf. Crosbie & Kelly, 1994; Skinner, 1954 Skinner, , 1968 . Subjects H44, H45, and H46 did not repeat frames answered incorrectly. In both no delay and delay, subjects initiated each stage of the frame (i.e., making responses, correcting responses, and displaying the next frame). External control of pacing occurred only after feedback during the delay component. At the end of each set, the program asked subjects how satisfied they were with the experimental condition in operation during the set. Subjects typed a number between 1 and 9, where 1 was not at all satisfied and 9 was extremely satisfied.
Subjects completed the first 40 non review sets of the study material (Sets 17, 29, and 41 were excluded because they are reviews of previous material, and frames from those sets were used on pre-, post-, and follow-up tests; see the next section for details of tests) in the same order as they appear in the textbook. Each set took 30 min on average to complete. Two sessions were completed each day. One set was completed each session, and sessions were separated by at least 2 hr. In Sessions 1 to 10 all sets were presented with no delay. In Sessions 11 to 30 sets were presented with either no delay or delay, with the order determined randomly (Le., the first session for any day had a condition randomly assigned, and the second session for that day was assigned the other condition). In Sessions 31 to 40 all sets were presented with no delay.
Subjects H35, H36, and H37 received the same 50-frame test before training, immediately after training, and at follow-up. Test questions were randomly selected without replacement from frames in the review sets that correspond to the sets used in training. Test frames were not used during training. For Subjects H44, H45, and H46 the post-and follow-up test was expanded to 60 frames (developed with the procedure described above), and the pretest was shortened to 30 frames randomly sampled from the 60 frames used in the post-and follow-up tests.
On Day 1 subjects completed the pretest. On Day 2 they began training (Baseline1: Days 2-6; multiple schedule: Days 7-16; Baseline2: Days 17-21). On Day 22, they completed the posttest. One month later they completed the follow-up test and were debriefed.
Results
Although subjects scored the correctness of their responses, their scoring was subsequently checked by an experimenter and found to be virtually perfect. Hence, the following analyses are based on subjects' scoring. Figure 1 shows the percentage of frames answered correctly during each session of conditions with only delay (Base1 and Base2) and the condition with both delay and no-delay components (MULT). Overall, performance was good, and significantly better than on pretest when the median result across subjects was 0%, and the highest score was 13% (H35). During Base1 the percentage of frames answered correctly was generally> 80%, but, across conditions, performance in no delay (circles) declined steadily over time. Performance in delay (triangles), however, showed less decline.
When assessing change with the present materials it is necessary to use some technique other than consistency of session-by-session data and overlap between conditions because frames and sets are not standardized according to difficulty, length, and content, and later topics are more complex than earlier topics. Because sets were randomly assigned to components in the MULT condition, a randomization test (Edgington, 1982 ) is appropriate. If there was no systematic difference between components, then neither would have a consistent advantage. That, however, is not what was found. Performance in delay (triangles) was superior to performance in no delay (circles) in 43 of the 58 MULT comparisons in which the components had different results, which is statistically significant (p < .001) even with the conservative sign test (Siegel, 1956) . Furthermore, each subject showed that pattern (8/10, ...... 7/10, 7/9, 6/9, 7/10, and 8/10 for H35, H36, H37, H44, H45, and H46, respectively). Although inherent variability precludes meaningful visual inference, statistical analysis shows that delay is superior to no delay, and that chance is not a plausible explanation for such a difference. Figure 2 shows results for all frames presented in the MULT condition for each subject and the median across subjects. Striped bars show the proportion of frames answered correctly during the no-delay component (420 frames), and solid bars show the proportion of frames answered correctly during the delay component (470 frames). For each subject, delay produced a greater proportion of correct responses than did no delay (9.5%, 4.5%,7.9%,5.9%,0.3%, and 8.1% for H35, H36, H37, H44, H45, and H46, respectively). Across all subjects the median advantage of delay was 6.9%. That figure probably underestimates possible improvement under delay, however, because performance under no delay was high. Figure 4 shows posttest results for each subject and the median across subjects. Striped bars show the no-delay results, and solid bars show delay results. For five of the six subjects, posttest scores were higher for material studied under delay (solid bars) than no delay (hashed bars; the advantage was 21.7 % ,5.0 % ,23.3%,20.0 % ,6.7 % , and -6.7% for H35, H36, H37, H44, H45, and H46, respectively). Across all subjects the posttest median advantage of delay was 13.4%. Figure 5 shows follow-up results for each subject and the median across subjects. Striped bars show the no-delay results, and solid bars show delay results. For five of the six subjects, follow-up test scores were higher for material studied under delay (solid bars) than no delay (hashed bars; the advantage was -6.6%, 25.0%, 36.7%, 20.0%, 6.6%, and 13.4% for H35, H36, H37, H44, H45, and H46, respectively). Across all subjects the followup test median advantage of delay was 16.7%.
Mean time per frame was calculated by dividing the total time (including delays and time taken to repeat frames) required to complete a set by the number of frames in the set. For all subjects, delay took more time than did no delay (4 s, 4 s, 9 s, 9 s, 9 s, and 6 s for H35, H36, H37, H44, H45, and H46, respectively). The median increased time was 7.5 s per frame. Although delay took longer per frame than no delay, the additional time was less than the 10-s delay imposed because, under delay, some subjects repeated 7% fewer frames (on average), and all subjects responded more quickly. For five of the six subjects, delay received a lower satisfaction rating on the 1 to 9 scale than did no delay (-0.2, -0.3, -4.4, -0.7, -1.2, and 0.4 for H35, H36, H37, H44, H45, and H46, respectively). The median decreased satisfaction was 0.5. Such decreased satisfaction is not troublesome, however, because delay had a median satisfaction rating of 7.1 which suggests that students were not unhappy with that condition.
Discussion
The purpose of the present experiment was to extend Crosbie and Kelly's (1994) analysis in several ways. First, briefer sessions were used to improve performance in the baseline condition. That technique was successful. Under no delay in the multiple-schedule condition, Crosbie and Kelly's subjects had a median performance of 64%, whereas present subjects had a median performance of 79%. Virtually identical subjects and payment conditions were used in both studies, so it seems likely that briefer sessions were responsible for improved performance. Second, new timing measures showed that all subjects worked faster under delay, regardless of whether they needed to repeat frames answered incorrectly. Third, training improved performance over pretest, and there was a large consistent advantage of delay during training (7%), and that was increased at both posttest (13%) and follow-up (17%). Hence, all aims of the present study were achieved; Crosbie and Kelly's analysis was extended significantly.
The magnitude of the improved performance under delay needs to be placed in perspective. The present improvement during training of 7% of a possible 21 % compares favorably with Crosbie and Kelly's training improvement of 10% of a possible 36%. Hence, the present training effect size is similar to that of Crosbie and Kelly's study in terms of absolute magnitude, and larger in terms of percentage of possible improvement. Furthermore, effect sizes at posttest and follow-up are even larger. In terms of educational improvement, a 10% increase is phenomenal. Personalized System of Instruction (Keller, 1968 ) is one of the most effective educational techniques ever developed (Johnson & Ruskin, 1977; Sherman & Ruskin, 1978) , and it rarely improves performance by more than 10 % (Kulik, Jaksa, & Kulik, 1978) . In that light, delay results are impressive, and warrant further experimental and classroom investigation.
Although a 10-s postfeedback delay significantly improved performance, training took approximately 20% longer, and subjects sometimes complained that their progress was unduly delayed, especially when they answered questions correctly. Subjects were not unhappy, but they suggested that the delay period be shortened to 5 s. That probably would be sufficient time to stop racing, and encourage subjects to study the question, response, and correct answer during the delay period. Future studies should assess whether a 5-s postfeedback delay also is effective, and whether any effectiveness/efficiency tradeoff warrants a change to a shorter delay period. Alternative procedures such as monetary loss for incorrect responses (i.e., response cost) also should be studied. If it functions as a punisher (i.e., reduces incorrect responding; Azrin & Holz, 1966) , response cost should slow responding and promote study of the materials without imposing delays when responses are correct. Provided that subjects are not unduly distressed by losing money, response cost might provide a good combination of increased performance and efficiency.
When Skinner and other proponents of individualized instruction advocated self-paced study, they probably envisioned a learning environment with more positive learning contingencies than those that operated in the present experiment, and that operate in many classrooms. Present subjects sacrificed accuracy to complete materials quickly. It should be noted, however, that subjects reported that they tried to make few errors to avoid appearing unintelligent. Hence, even though they tried to do well, with prevailing contingencies they could not pace themselves to achieve their best performance; they needed external pacing assistance.
A popular belief that arose from early research in programmed instruction was that "any instructional method which forces the student to spend greater periods of time on task is likely to lead to higher achievement than methods requiring less student time" (Tobias, 1973, p. 202) . That notion needs modification. For example, repeating frames until they are correct is one technique which increases time on task, but that may not improve performance (Anderson, Kulhavy, & Andre, 1971; Holland & Porter, 1961) . What is important is that students use their time on task effectively. Brief, noncontingent, postfeedback delays do that because, during the delay, subjects study the material (Crosbie & Kelly, 1994, Experiment 2) .
The advantage of delays, however, is not restricted to situations in which all the study material is available to students. External control of pacing also can improve performance when it is implemented at other points in the stimulus-response-feedback chain: Stokes, Halcomb, and Slovacek (1988) improved test performance by delaying students after they had read a question, but before they had made a response; and Hativa, Sarig, and Lesgold (1991) found that extending permissible response time on computer-based arithmetic practice improved student performance, particularly for low achievers who are disadvantaged by programs that limit response time. An important implication of all these findings is that students frequently work at suboptimal levels. That is, with increased motivation or environmental manipulations such as external pacing, many students would be able to increase both their performance and response speed. One goal of the present paper is to encourage more work on such manipulations.
The present study shows that simple environmental manipulations can have a significant immediate and long-term impact on educational performance. In classrooms of the future, computers will increase in popularity and usage, and, it seems likely that, students will continue to be motivated by escape from the classroom to more reinforcing activities outside. Hence, techniques that reduce racing, and thereby improve students' classroom performance, are important now, and will become even more important in the future.
